Foliar flavonoids of Nipponanthemum, which is a monotypic genus and consists of only one Japanese endemic species, N. nipponicum, were isolated for the first time. Fifteen flavonoids, i.e. six glycosides, quercetin 3,7-di-O-glucoside, vicenin-2, quercetin 3-O-glucoside, luteolin 7-O-glucoside, kaempferol 3-Oglucoside and apigenin 7-O-glucoside, and nine aglycones, luteolin, nepetin, quercetin 3-methyl ether, axillarin, apigenin, hispidulin, chrysoeriol, jaceosidin and sudachitin were identified. Of these compounds, the flavonoid aglycones existed on the leaf surface.
The genus Nipponanthemum, family Asteraceae, consists of only one species, N. nipponicum (Franch. ex Maxim.) Kitam. The species is endemic to Japan and grows in rocky slopes near seashores from Aomori to Ibaraki Prefecture [1] . N. nipponicum has previously been surveyed for terpenoids and the diterpene, 12-Otetradecanoylphorbol-13-acetate was reported [2] . However, other chemical components, including flavonoids, have not been reported until now. In this paper, we describe the isolation and identification of foliar flavonoids from N. nipponicum.
Fifteen flavonoids were isolated from N. nipponicum; six were present as glycosides. Of these compounds, five flavonoids were identified as vicenin-2 (2), quercetin 3-O-glucoside (3), luteolin 7-O-glucoside (4), kaempferol 3-O-glucoside (5) and apigenin 7-O-glucoside (6) by UV spectral survey according to Mabry et al. [3] , LC-MS, characterization of acid hydrolyzates, direct TLC (BAW, 15% HOAc and BEW), and HPLC comparisons with authentic standards. Another glycoside (1) was identified as quercetin 3,7-di-O-glucoside by UV spectral survey, LC-MS and characterization of acid hydrolyzates. Additionally, a hydrophilic compound was isolated and identified as chlorogenic acid by HPLC comparisons with an authentic standard from the seeds of Coffea arabica L. (Rubiaceae) (Hayashi, unpublished data).
Nine compounds were present as aglycones (Figure 1 ). Of their flavonoids, three main aglycones were identified as luteolin (7), nepetin (8) and axillarin (10) by UV spectral survey, LC-MS and HPLC comparisons with authentic standards. Six minor compounds were identified as quercetin 3-methyl ether (9), apigenin (11), hispidulin (12) , chrysoeriol (13) , jaceosidin (14) and sudachitin (15) by LC-MS and HPLC comparisons with authentic standards.
The genus Nipponanthemum is separated from Chrysanthemum by morphological characters, the latter having ca. 10-ribbed achenes [1] , and the morphology of chromosomes [4] . More recently, seventeen Japanese Chrysanthemum species have been surveyed for flavonoids [5] . Of the isolated flavonoids, two glycosides, luteolin and apigenin 7-O-glucosides, and seven aglycones, luteolin, nepetin, axillarin, apigenin, hispidulin, jaceosidin and sudachitin, were found also in the leaves of N. nipponicum. Thus, it was shown that the flavonoid composition, especially aglycones, of Nipponanthemum and Chrysanthemum are similar to each other. However, Nipponanthemum was distinguishable from Chrysanthemum by qualitative differences in the flavonoid glycosides. The sugar of all the flavonoid glycosides in Nipponanthemum was glucose. On the other hand, those of Chrysanthemum were glucose, rhamnose and/or glucuronic acid. Especially, luteolin 7-O-glucuronide was present in the leaves of all Japanese Chrysanthemum species [5] . Thus, the glycosylation pattern of the flavonoids was clearly different between Nipponanthemum and Chrysanthemum. The results described above suggest that N. nipponicum does not only morphologically but also chemically differ from the genus Chrysanthemum. N. nipponicum is known to be able to hybridize with another related species, Leucanthemella linearis (Matsum. ex Nakai) Tzvelev [6] . The genus Leucanthemella was also independent from Chrysanthemum Uehara & Iwashina [1] , but is presumed to relate to Nipponanthemum by genetic characters [7] . Leucanthemella consists of only two species and has not yet been studied for flavonoids. We will now investigate the flavonoids of the genus Leucanthemella.
The flavonoid aglycones in Chrysanthemum were present as exudates on the leaves [5] . Therefore, the exudates on the leaves of N. nipponicum were rinsed with acetone and surveyed using HPLC. All flavonoid aglycones (7-15) were detected on the leaf surface.
We showed for the first time that N. nipponicum synthesizes external flavonoids. These have been reported to exist with other lipophilic materials in some plant species [8, 9] . It has been shown that the exudates on the leaf surface, including flavonoids, act as UV shields and protective compounds against dryness [10, 11] . Those of N. nipponicum may also have a similar function. Extraction and separation: Fresh leaves of N. nipponicum (ca. 100 g) were extracted with MeOH for 24 h. After concentration, the extracts were separated by preparative paper chromatography using BAW, 15% HOAc and BEW. The compounds were purified by Sephadex LH-20 column chromatography using 70% MeOH. The flavonoids were further purified by preparative HPLC.
Authentic standards: Authentic standards of flavonoid glycosides were: vicenin-2 from the aerial parts of Osyris alba L. (Santalaceae) [12] , quercetin and kaempferol 3-O-glucosides from the fronds of Cyrtomium spp. (Dryopteridaceae) [13] , and luteolin and apigenin 7-O-glucosides from the leaves of Chrysanthemum spp. (Asteraceae) [5] . Authentic standards of flavonoid aglycones were: luteolin, nepetin, apigenin, hispidulin, jaceosidin and sudachitin from the leaves of Chrysanthemum spp. [5] , axillarin and quercetin 3-methyl ether from the leaves of Crossostephium chinense (L.) Makino (Asteraceae) (Uehara et al., unpublished data). Chrysoeriol was obtained by acid hydrolysis of chrysoeriol 7-O-glucuronide from the leaves of Chrysanthemum spp. [5] .
Identification: Flavonoids were identified by UV spectroscopy, LC-MS, characterization of acid hydrolyzates (aglycones and sugars), and direct TLC and HPLC comparisons with authentic samples.
